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Abstract
· AIM:Todefinetheultrasonographicstructureof
normallowereyelidanatomiccompartmentsandtheir
spacialrelationshipindynamicmotion.
·METHODS:Highresolutionultrasound (15MHz)was
performedonthelowereyelidsof7normalsubjects.
Movementsofthelowereyelidanditscompartments
werevisualizedwithultrasound.Inaddition,themaximal
excursionareaofthelowereyelidfatcompartmentsand
retractormotionswasmeasuredbeforeandaftermotion.
·RESULTS:Theorbicularismusclecouldbeseenasan
echolucent structure between the dermis and the
echodencefatpads.Lowereyelidfatpadseemstobe
dividedinto2compartmentsasrangeofmotionand
directionofmovementofeachofthemvaries.Itseems
thatthesecompartmentshavealsodifferentbehavior.
Themeasuredprofileareaofthevisiblenormallower
eyelidfatpadsduringmovementofglobefromup-gaze
todown-gazedecreasedby50%.Orderofmovementof
lowereyelidstructuresseemstobeasfollows:after
globemovementfistweseeretractormovement,anterior
orbitalfat pad,thenskinandseptum,andfinally
movementofinferiorfatpad.
· CONCLUSION:Ultrasoundrepresentsanoninvasive
toolforthevisualizationoflowereyelidmorphology.
Expandingitsapplicationcouldhelpusunderstandthe
compartmental changes in physiological eyelid
movement,inaginganddiseasedstudypopulations,as
wellasassessoperativeoutcomes.
· KEYWORDS: lowereyelid;ultrasonography;dynamic
motionanalysis
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INTRODUCTION
U
ltrasoundrepresentsanoninvasivetoolforvisualizing
structuresofthehumanbody.Severalstudieshaveused
thistooltoexaminenormaleyelidstructuresandthe
physiologyofthelacrimalpumpmechanism
[1-3].Anatomic
changesassociatedwithperiocularandorbitaldiseasessuch
asblepharoptosis,epicanthus,eyelidlesions,andeven
thyroid-associatedorbitopathyhavealsobeensuccessfully
characterizedwithultrasonography
[4-9].However,the
complexitiesoflowereyelidanatomiccompartmentsandthe
spatialrelationshipsofthesecompartmentsinmotion
havenotbeenpreviouslystudied.
Inthispaper,wereportultrasonographicrealtimeanalysisof
lowereyelidstructuresandfunction.Specifically,we
analyzedtheorbicularisoculimuscle,lowereyelidretractors,
lowereyelidfatpads,andtheirquantitativerelationships
duringverticalmotionexcursionsoftheglobe.
Ultrasonographicvisualizationofdynamiclowereyelid
anatomyfurthersourknowledgeofeyelidmotionphysiology.
Thisknowledgeprovidesafoundationforunderstandingthe
anatomic,structural,andfunctionalchangesthatoccurinthe
agingeyelidaswellasindiseasessuchasthyroid-related
eyelidretraction.
SUBJECTSANDMETHODS
Subjects Ultrasoundimagesof7normalsubjects(4male,
3females)withagesrangingfrom28-52years(mean36
years)wereanalyzed.Ultrasonographicevaluation(Logiqp6,
GEHealthcare,USA)wasperformedbyasingleoperator,
usinga15MHzprobewithlinearproducer.Thescanner
operatedatascanrateof50framespersecond.Duringthe
assessment,theeyelidswereclosedandcoveredwith
methylcellulosemediumforoptimalsignaltransmission.
Methods Ultrasonographicexaminationswereperformed
withthepatientinasemisupineposition.Theprobewas
placedperpendiculartotheareaofinterestandallowed
visualizationofthelowereyelidcompartmentsinthemid
Dynamicmotionanalysisoflowereyelid
592陨灶贼允韵责澡贼澡葬造皂燥造熏灾燥造援 6熏晕燥援 5熏 Oct.18, 圆园13 www.IJO.cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂
Figure1Lowereyelidultrasonicsagittalviewina29-yearoldmale A:Theindividualstructuresrecognizedfromsuperficialtodeep
are:theechodenseskin,theunderlyingecholucentorbicularisoculi,theechodenseseptum,andtheorbitalfatpadwithanechodense
consistencyintheanteriorcompartmentandecholucentintheinferioreyelidcompartment;B:IllustrationofthesamefindingsinA.
sagittalplaneandinferiorlytotheorbitalrim(Figure1).The
subjectswereinstructedtoplacetheireyesinmaximum
down-gazeandup-gaze,allowingvideorecordingofthe
globeinmaximumverticalexcursion.Staticimageswere
extracted and usedtocharacterize eyelidanatomical
compartmentsduringvariousphasesofmotion.Foranalysis,
Movie MaxTRAQ 2.0(Innoviosionsystems Inc.,
Columbiaville,MI,USA)wasused.
RESULTS
Thelowereyelidskinanddermisappearedasechodense
linearstructuresatthemethylcellulose-eyelidinterfacewith
median thicknessof1.75mm (range1.6-2mm).The
underlyingorbicularisoculimusclewasecholucent.The
meanthicknessoforbicularisoculimuscleinprimary
positionwas1.12mm(range0.8-1.6mm).Theorbitalseptum
appearedasahighlyechodensestructurelyingjustbeneath
theorbicularismuscle(Figure1).Thelowereyelidretractors
werenoteasilydiscernibleasaseparatelayeronstatic
images;however,duringdynamicmotion,bothretractorsand
conjunctiva wereclearlyappreciated bythevertical
excursionchanges.Theretractorswereseenasacontinuous
echodenselayerwithinthedeepereyelidcompartments.The
retractorscontainconjunctivalattachments.Retractorsand
orbitalseptumwereadjoinedattheleveloftheinferior
fornixandextendedtowardthelowertarsalborder.
Inyoungpatients,theseptalattachmenttotheinferiororbital
rimwasclearlyappreciatedontheinnerpartoftheorbital
rim(Figure1).Withincreasingage,theechodensesignalof
theorbitalseptumwasdecreased(Figure2),whileitslength
wasincreased.Inadditiontotheseptal-tarsalattachment,two
additionalattachmentswereidentifiedthatextendedfrom
septumtowardtheskin(Figure3).Theseattachmentswere
responsibleforaconcaveconfigurationoftheseptumon
verticalgazemovementandseemedtopreventanterior
displacementoftheorbitalfat.Aninferiorattachmentwas
shorterinlengthandwasresponsibleforskindimplingon
down-gaze(Figure3A).Theorbitalseptumappearsconcave
intheinter-attachmentspace.However,inferiortothelower
attachment,theorbitalseptumappearsconvex,allowingfat
herniationtooccur(Figure3).Thischangewasmore
pronouncedinindividualswithfatherniationonclinical
examination.
Figure2 Ultrasoundoflowereyelidina53-yearoldman
illustratingdecreasedechodensityoftheseptumcomparedto
septumasshowninFigure1,andalsofatherniation.
Figure3Lowereyelidstructuresondown-gazeandup-gaze
A:Ultrasonographicimageoflowereyelidondown-gaze,showing
thetwoseptum-to-skinattachments.Theorbitalseptumappears
concaveintheinter-attachmentspace.However,inferiortothe
lowerattachment,theorbitalseptumappearsconvex,allowingfat
herniationtooccur;B:Ultrasonographicevaluationofthelower
eyelidonup-gazeshowingthetwoseptalskinattachmentpointsof
thesamepatientinFigure3A.
593Theorbitalfatpadwaslocatedjustposteriortotheorbital
septum(Figure1)andmaybesub-compartmentalizedinto
twocomponentsbasedondistinctmotioncharacteristicsand
echogenicity.Asuperficialcomponentthatisincloser
proximitytotheglobewasechodense,whileadeeper
postero-inferiorcompartmentneartheorbitalfloorwas
relativelyecholucent(Figure1).Motionanalysisofthefat
compartmentsduringglobeexcursionrevealedthatthefat
actuallydemonstratesmulti-directionalmovementthatcanbe
quantifiedusingverticalandhorizontalvectorcalculations
(Figure4).Thesuperficialfatcomponentshowedthegreatest
rangeofmotion(mean6.8mm)andparalleltotheglobe
(Figure4).Thedeepfatcompartmentappearedmore
echolucent,showingpredominantlyanterior-posterior
movement(paralleltotheorbitalfloor)andthelowerrange
ofmotion.Itsflexibilityandconformationalchangeswere
verylimited.Thesectionclosetotheorbitalrimshowedmild
torsionalmovementwhichwaslessthan1mm,butthedeeper
partshowedalinearmodemovementwithslightlygreater
excursionrange(mean2.71mm)(Figure4).
Goingbeyondvectoranalysisoffatcompartmentmotion,the
fatcompartmentshaveadditionalmovementcharacteristics
thatmaybebestdescribedwiththeterms"sliding"and
"jelly-likeorswirling."Theslidingmovementisseenwhen
the2fatpadsmoveacrosseachothersuchthatthe
superficialfatpadslidesoverthedeeppostero-inferiorfat
pad.Second,thereismovementwithineachfatpad
characterizedbyajelly-likeorswirlingmotionaswouldbe
expectedfromfluidcompositionwithinadiposetissue.Both
ofthesehigherordermotionpatternswereanalyzedbytaking
intoaccountthedeformationofthefatcomponentsin
differentpositionsofglobeexcursion(Figure4).
Themaximumlareaofthevisiblefatcompartmentswas
measuredinthesagittalsectionsofthelowereyelidinboth
up-gazeanddown-gaze(Figure5).Thesurfaceareaofthe
visiblefatcompartmentsdecreasedbymorethan50%on
down-gaze.
Dynamicmotionanalysis(fromup-gazetodown-gaze)ofthe
fadpadsrevealedacharacteristicdelayintheirmovement
withthesuperficialanteriorcompartmentmovingfirst,
followedbyorbitalseptum,andfinallythedeepinferior
compartment.Trackingofthefatcompartmentsshowedthat
thesuperficialanteriorcompartment'smovementrelatesto
theretractionofretractorswhilethedisplacementofthe
inferiorcompartmentfollowstheorbitalseptum.Withaging
andoccurrenceoffatherniation,rangeofmotionofdeep
compartmentwouldbedecreasedsothatinpatientswith
largefatherniationitseemsthatfathaslostmotion.
Duringverticalmovementsofglobe,itseemsthatthereis
somedelayintheeyelidmovementcomparedtoglobe.It
seemsthat,ondownward,lowereyelidretractorsislikea
clumpthatonup-gazemovement,thisclumpshouldbe
openedandafterfullyopeningoftheretractors,theeyelid
willbepulledup.Ondown-gaze,thelowereyelidretraction
wasmostlysecondarytodownwarddisplacementofthe
globeandnotduetoactivecontractionoflowereyelid.
Downwardmovementoftheglobeisduetoinferiorrectus
activitythatitsworkalsoretractlowereyelid,secondarily.
DISCUSSION
Highresolutionultrasonographyrepresentsareliable
techniqueforevaluatingtheanatomicalstructuresandmotion
configurationofthelowereyelidcompartments.
Alllowereyelidstructureswereappreciatedincrosssections
withdistinctechogenicdensities.Onmotionanalysisand
gazetrackingfromup-gazetodown-gaze,themaximal
visibleareaofthecentralfatcompartmentisclearly
noticeable.Thepresenceof2fatsubcompartments,one
superficialorincloseproximitytotheglobeandoneinferior,
closetotheorbitalfloorwerefurtherdistinguishedbytheir
divergentdynamicbehavior.Thiscompartmentalization
mightberelatedtofibrousextensionsontheundersurfaceof
theorbitalseptum.Themovementoftheinferiorfat
compartmentwasdelayedcomparedtothesuperficialone.
Trackingofthesefatsubcompartmentsshowedthatthe
anteriorcompartment'smovementrelatestotheretractionof
retractorsandglobemovementwhilethedisplacementofthe
inferiorcompartmentfollowstheorbitalseptum.
Theobservationondown-gaze,ofamaximalsurfacearea
reductionoforbitalfatpadsofgreaterthan50%,indicatesa
physiologicalmechanismofdisplacementorcompressionof
thelowereyelidfat.Duringdownwardmovement,theglobe
exertsatractionaleffectonthelowereyelidretractors,which
issubsequentlytransmittedtotheanteriorfatcompartment
attachedtotheretractors.Retractionoftheretractorsexerts
downwardtractionontarsusandorbital septum.
Subsequently,tractionoftheorbitalseptumandskin( its
attachments)exertsdisplacementoftheinferiorcompartment.
Figure4Ultrasonographicimageshowsvectorsandrangeof
excursionsoftheeyelidfatcompartmentsduringverticalglobe
rotation Thesuperficialcompartmentmovesinasuperior-inferior
(orcranio-caudal)directionandhadthegreatestexcursionalrange
ofmotion, whereas thedeep compartmentdemonstrated
anterior-posterior(ordorsal-ventral)displacement.
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Figure5Ultrasonographicimagesshowinglowereyelidfatcompartmentsonup-gazeanddown-gaze A:Ultrasonographicimage
onup-gaze;B:Overlayonultrasonographicimageonup-gaze.Coloredareacorrespondstothelowereyelidfatcompartments.Theanterior
sectionishighlightedinyellow,thedeepinferiorcompartmentinred;C:Ultrasonographicimagewiththeglobeindown-gazeofthesame
patient;D:Overlayonultrasonographicimagewiththeglobeindown-gaze.Themostdistalvisiblesectionoftheanteriorfatpadinproximity
totheorbicularismuscleshowedthegreatestconformationalchangesfromup-gazetodown-gaze.
Thiscompartmentexhibitsaverticaldirectionofmovement,
whilethesuperficialanteriormovesmainlyintheZaxis.
Observationoffatpadmovementshowedthereweretwo
typesofmovementwithinlowereyelidfarpad.First,sliding
movementthatinslidingorshearingmovement,twofat
compartmentsslideovereachother.Second,swirling
movementthatinthismovement,itseemsthatwithineach
sub-compartment,fatparticlesshakeorjiggle.
Thisstudyshowedthatthelowereyelidorbitalseptumhas3
attachmentsaftergoingupfrominferiororbitalrim.There
are2attachmentsbetweenorbitalseptumandskin.Inferior
attachmentisshortandduringdownwardmovementcause
skindimplingandretraction.Thefinalattachmentoforbital
septumisitsjoinwithlowereyelidretractors.Betweenthese
attachments,orbitalseptumcanbeseenconcave,butinferior
toinferiorskinattachment,itisgoingtobeconvextoward
skin.Thisistheareasubjectforfatherniation.Itseemsthat
thisareaisusefulforstudyaboutseptumtighteninginpatient
withlowereyelidfatherniation.Inyoungpersons,the
septumcanbeseeneasily,howeverinolderages,itcannot
beseeneasilythatisduetodecreasedinechogenicityor
attenuationoftheseptum.Ontheotherhand,inpatientswith
lowereyelidfatherniation,rangeofmotionoffatindeeper
compartmentwouldbedecreasedsothatinsomepatients,it
seemsthattheherniatedfatisfixed.Thisfindingmaybedue
tolosingofseptalattachmentsofthefat.
Ourpreliminaryultrasonographicstudyprovidesaunique
insightonanoninvasivetoolfortheevaluationofthelower
eyelidstructure.Basedontheseobservationsonecan
postulatethatchangesintheretractor-septumstructureand
themotionrangeofthelowereyelidfatcompartmentscould
relatetolowereyelidpathologicaloragingchanges.
Although ourstudyisapreliminaryevaluationof
ultrasonographicapplicationinthelowereyelid,ithighlights
thepotentialforassessingitsanatomicandphysiological
characteristicsinavarietyofdisorders.Thyroidassociated
lowereyelidretraction,entropionorpostsurgicalstructural
changesarepotentialfieldsforitsapplication.Further
evaluationofitsdiagnosticprecisionandinvestigationof
largernumbersofhealthyanddiseasedsubjectsismandatory.
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